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METHOD AND DEVICE FOR
COMPENSATION OF MECHANICAL
STRESSES IN AN AIRCRAFT STRUCTURE

FIELD OF THE INVENTION

[0001] The invention relates to a method and a device for
compensation of mechanical stresses in an aircraft structure.

BACKGROUND OF THE INVENTION

[0002] The flight state and manoeuvres can cause major
loads in the structure in aircraft. In order to prevent damage to
the structure, it must be designed to be sufficiently strong at
appropriate points, and this contributes considerably to the
weight of the aircraft. For example, braking in the final phase
of the landing process leads to considerable stresses in the
upper area of the shell of the aircraft fuselage, and this can
even lead to the formation of battering in this area.

SUMMARY OF THE INVENTION

[0003] Anobjectoftheinventionisto provide a method and
a device for compensation of mechanical stresses in an air-
craft structure by means of which damaging stress peaks are
avoided.

[0004] Accordingly, a method for compensation of
mechanical stresses in an aircraft structure is provided. In this
method, the signals which represent the mechanical stresses
which occur in the aircraft structure are produced, and actua-
tors, which absorb (that is, receive or take up) at least some of
the mechanical stresses and are arranged in the aircraft struc-
ture, are operated in the sense of compensation of mechanical
stresses.

[0005] According to one embodiment of the method
according to the invention, the signals which represent the
mechanical stresses are derived from sensors.

[0006] According to one embodiment of the method
according to the invention, the signals which represent the
mechanical stresses are derived from flight state data and/or
manoeuvre data.

[0007] According to one embodiment of the method
according to the invention, the signals which represent the
mechanical stresses are derived by means of an electronic
computation device from the flight state data and/or manoeu-
vre data and from data which represents load states which
occur in the aircraft structure as a function of the flight state
and/or manoeuvres.

[0008] According to one embodiment of the method
according to the invention, the flight state data and/or
manoeuvre data are/is derived from a primary flight com-
puter, and the data which represents load states which occur in
the aircraft structure as a function of the flight state and/or
manoeuvres is derived from a database which is coupled to
the electronic computation device.

[0009] Inthis case, it is possible to provide for the database
which is coupled to the electronic computation device to
contain data obtained from a finite element load model.
[0010] According to one embodiment of the method
according to the invention, actuators formed by piezoelectric
elements are operated in order to compensate the mechanical
stresses.

[0011] According to one embodiment of the method
according to the invention, actuators which are arranged on
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frames, spars, longerons or stringers in the aircraft structure
can be operated in order to compensate the mechanical
stresses.

[0012] Furthermore, the invention provides a device for
compensation of mechanical stresses in an aircraft structure.
According to the invention, the device is adapted to produce
signals which represent mechanical stresses which occur in
the aircraft structure, and contains actuators, which are
arranged in the aircraft structure and absorb at least some of
the mechanical stresses, in order to compensate the mechani-
cal stresses.

[0013] According to one embodiment of the invention, the
device contains sensors for producing the signals which rep-
resent the mechanical stresses.

[0014] According to one embodiment of the invention, the
device is adapted to derive signals which represent the
mechanical stresses from flight state data and/or manoeuvre
data.

[0015] According to one embodiment of the invention, the
device contains an electronic computation device for deriva-
tion of the signals which represent the mechanical stresses
from the flight state data and/or manoeuvre data, and from
data which represents load states which occur in the aircraft
structure as a function of the flight state and/or manoeuvres.
[0016] According to one embodiment of the invention, the
device contains a database which is coupled to the electronic
computation device and in which data which represents load
states which occur as a function of the flight state and/or
manoeuvres is provided, and is adapted to derive the flight
state data and/or manoeuvre data from a primary flight com-
puter, and to derive the data which represents load states
which occur in the aircraft structure as a function of the flight
state and/or manoeuvres from the database which is coupled
to the electronic computation device.

[0017] Inthis case, it is possible to provide for the database
which is coupled to the electronic computation device to
contain data obtained from a finite element load model.
[0018] According to one embodiment of the invention,
actuators formed by piezoelectric elements are provided in
order to compensate the mechanical stresses.

[0019] According to one embodiment of the invention,
actuators which are arranged on frames, spars, longerons or
stringers in the aircraft structure are provided in order to
compensate the mechanical stresses.

[0020] The actuators may comprise piezoelectric elements
which are adhesively bonded to the frames, spars, longerons
or stringers.

[0021] One advantage of the invention is that the loads
which occur in the aircraft structure can be coped with better,
thus allowing weight to be saved.

[0022] One exemplary embodiment of the invention will be
explained in the following text with reference to the drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The (single) FIGURE shows a block diagram illus-
trating the major components and method steps of the inven-
tion, according to one exemplary embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0024] The device for compensation of mechanical stresses
in an aircraft structure illustrated in the FIGURE is config-
ured to produce signals which represent mechanical stresses
which occur in the aircraft structure and contains actuators
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PS5, P6, P7, which absorb at least some of the mechanical
stresses and are arranged in the aircraft structure, in order to
compensate for mechanical stresses. In the illustrated exem-
plary embodiment, the signals which represent the mechani-
cal stresses are derived from flight state data and/or manoeu-
vre data.

[0025] The device comprises an electronic computation
device CPIOM (Central Processor and Input and Output
Memory) and a database GEN FEM RESULT which is
coupled to it and contains data which represents load states
which occur as a function of the flight state and/or manoeu-
vres. The data contained in the GEN FEM RESULT database
is obtained from a finite element load model (FEM-LC).

[0026] The flight state data and/or manoeuvre data are/is
read from a primary flight computer PRIM, which is already
provided in the aircraft, by the electronic computation device
CPIOM, and the data which represents load states which
occur in the aircraft structure as a function of the flight state
and/or manoeuvres is derived as a function of this from the
GEN FEM RESULT database which is coupled to the elec-
tronic computation device CPIOM. Alternatively or addition-
ally, the device may contain sensors for producing the signals
which represent the mechanical stresses.

[0027] In the illustrated exemplary embodiment, actuators
P5, P6, P7 which are formed by piezoelectric elements are
provided in order to compensate the mechanical stresses.
These actuators are arranged on frames, spars, longerons or
stringers in the aircraft structure. The actuators P5, P6, P7
may be adhesively bonded to frames, spars, longerons or
stringers.

[0028] In the method for compensation of mechanical
stresses in aircraft structures, the signals which represent
mechanical stresses which occur in the aircraft structure are
produced, and the actuators P5, P6, P7, which absorb at least
some of the mechanical stresses and are arranged in the air-
craft structure, are operated in the sense of compensation of
mechanical stresses. The actuators P53, P6, P7 absorb at least
some of the mechanical stresses. The flight state data and/or
manoeuvre data derived from the primary flight computer
PRIM is processed together with the data which is derived
from the GEN FEM RESULT database and represents the
load states which occur in the aircraft structure as a function
of the flight state and/or manoeuvres by the electronic com-
putation device CPIOM, in order to produce appropriate con-
trol signals for operating the actuators P5, P6, P7, which are
formed by the piezoelectric elements, in the sense of at least
partial compensation for the mechanical stresses.

[0029] In the described exemplary embodiment, the actua-
tors P5, P6, P7 are formed by piezoelectric elements,
although the actuators P5, P6, P7 could, however, also be
formed by other types of actuators, instead of piezoelectric
elements.

[0030] In the described exemplary embodiment, the GEN
FEM RESULT database which is coupled to the electronic
computation device CPIOM contains data obtained from a
finite element load model FEM-LC, although the data could
also be obtained by other methods, instead of this.

[0031] The actuators P5, P6, P7, of which only three are
illustrated by way of example in this exemplary embodiment,
are, however, in practice typically provided in a considerably
greater number and are in each case arranged at different
locations on the aircraft structure, each being controlled indi-
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vidually or in groups by the electronic computation device
CPIOM in order to operate them in the sense of compensation
of mechanical stresses.

What is claimed is:

1. A method for compensation of mechanical stresses in an
aircraft structure, comprising the steps of:

producing signals that represent mechanical stresses

occurring in the aircraft structure, and

operating actuators, which absorb at least some of the

mechanical stresses and are arranged in the aircraft
structure, such that the mechanical stresses are compen-
sated.

2. The method according to claim 1, wherein the signals
that represent the mechanical stresses are derived from sen-
SOIS.

3. The method according to claim 1, wherein the signals
that represent the mechanical stresses are derived from at
least one of flight state data and manoeuvre data.

4. The method according to claim 3, wherein the signals
which represent the mechanical stresses are derived by means
of an electronic computation device from at least one of the
flight state data and manoeuvre data and from data that rep-
resents load states which occur in the aircraft structure as a
function of at least one of the flight state and manoeuvres.

5. The method according to claim 4, wherein said at least
one of the flight state data and manoeuvre data is derived from
a primary flight computer, and the data that represents load
states which occur in the aircraft structure as a function of at
least one of the flight state and manoeuvres is derived from a
database which is coupled to the electronic computation
device.

6. The method according to claim 5, wherein the database
which is coupled to the electronic computation device con-
tains data obtained from a finite element load model.

7. The method according to claim 1, wherein actuators
formed by piezoelectric elements are operated in order to
compensate the mechanical stresses.

8. The method according to claim 1, wherein actuators
which are arranged on at least one of frames, spars, longerons
and stringers in the aircraft structure are operated in order to
compensate the mechanical stresses.

9. A device for compensation of mechanical stresses in an
aircraft structure, wherein the device is adapted to produce
signals representing mechanical stresses which occur in the
aircraft structure, and comprises actuators, which are
arranged in the aircraft structure and absorb at least some of
the mechanical stresses, in order to compensate the mechani-
cal stresses.

10. The device according to claim 9, wherein the device
comprises sensors for producing the signals which represent
the mechanical stresses.

11. The device according to claim 9, wherein the device is
adapted to derive signals which represent the mechanical
stresses from at least one of flight state data and manoeuvre
data.

12. The device according to claim 11, wherein the device
contains an electronic computation device for derivation of
the signals which represent the mechanical stresses from at
least one of the flight state data and manoeuvre data, and from
data which represents load states which occur in the aircraft
structure as a function of at least one of the flight state and
manoeuvres.

13. The device according to claim 12, wherein the device
contains a database which is coupled to the electronic com-
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putation device and in which data which represents load states
which occur as a function of at least on one of the flight state
and manoeuvres is provided, and is adapted to derive said at
least one of the flight state data and manoeuvre data from a
primary flight computer, and to derive the data which repre-
sents load states which occur in the aircraft structure as a
function of at least one of the flight state and manoeuvres
from the database which is coupled to the electronic compu-
tation device.

14. The device according to claim 13, wherein the database
which is coupled to the electronic computation device con-
tains data obtained from a finite element load model.
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15. The device according to claim 9, wherein the actuators
comprise piezoelectric elements.

16. The device according to claim 15, wherein the actuators
comprise piezoelectric elements which are adhesively
bonded to said at least one of frames, spars, longerons and
stringers.

17. The device according to claim 9, wherein the actuators
are arranged on at least one of frames, spars, longerons and
stringers in the aircraft structure, in order to compensate the
mechanical stresses.



